GUI DANCE!
ORAL EXTENDED ( CONTROLLED) RELEASE
DOSAGE FORMS
| N VI VO BI OEQUI VALENCE

AND | N VI TRO DI SSOLUTI ON TESTI NG

PURPOSE OF GUI DANCE

Thi s gui dance describes in vivo bioequival ence studies and
invitro dissolution testing recommended to applicants
intending to submt Abbreviated New Drug Applications

(ANDA s) for extended rel ease products adm ni stered orally.

1. DEFIN TION OF TERMS

Terns to describe formulations that do not rel ease the
active drug substance imedi ately follow ng ora

adm ni stration include nodified/ extended rel ease (USP XXl I),
nodi fi ed/ del ayed (USP XXI'1), controlled rel ease, prol onged
action, and sustained release. This docunent uses the term
extended rel ease to describe a formulation that does not
rel ease active drug substance imredi ately after oral dosing
and that also allows a reduction in dosage frequency. This
nomencl ature accords generally with the USP definition of
nodi fi ed/ ext ended rel ease but does not specify an inpact on
dosing frequency. The terns controlled release and extended
rel ease are considered interchangeabl e in this gui dance.
The gui dance does not consi der bi oequi val ence studies for

L This statenment, prepared by the D vision of Bioequivalence in the

Cfice of Generic Drugs, is an informal communi cation under 21 CFR 10.90 (b) (9)
that represents the best judgrment of the division at this time. This statenent
does not necessarily represent the formal position of the Center for Drug

Eval uati on and Research, Food and Drug Adnministration, and does not bind or

ot herwi se obligate the Center for Drug Eval uati on and Research, Food and Drug
Adnministration, to the views expressed. For further information about this

gui dance, contact the D vision of Bioequival ence, Ofice of Generic Drugs, 7500
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301- 594- 0181).



nodi fi ed/ del ayed rel ease fornmulations. A glossary of these
terns used in the guidance appears in Attachnent 1

REGULATORY BACKGROUND AND GENERAL REQUI REMENTS

The Drug Price Conpetition and Patent Term Restoration Act
amendnents of 1984 to the Food, Drug and Cosnetic Act gave
the Food and Drug Admnistration statutory authority to
accept and approve for marketing ANDA' s for generic
substitutes of pioneer products, including those approved
after 1962. To gain approval, ANDA's for a generic extended
rel ease formul ati on nust, anong ot her things, be both

phar maceuti cal |y equi val ent and bi oequi val ent to the pioneer
ext ended rel ease product, which is also terned the reference
listed product as identified in FDA s Approved Drug Products
wi th Therapeutic Equival ence Ratings (The O ange Book).

A Phar naceut i cal Equi val ence

To be pharnaceutical ly equival ent, the generic and

pi oneer formul ations nust 1) contain the sane active
ingredient; 2) contain the sane strength of the active
ingredient in the sane dosage form 3) be intended for
the sane route of admnistration; and 4) generally be
| abel ed for the same conditions of use. FDA does not
require that the generic and reference |isted extended
rel ease products contain the same excipients, or that
t he nmechani sm by which the rel ease of the active drug
substance fromthe formul ati on be the sane.

B. Bi oequi val ence Studi es
1. In Vivo Bioequival ence Studies for Approva

Qurrent regul ations require that bioequival ence be
denonstrated between a generic extended rel ease
formulation and the reference listed product. The
reference listed product is generally an extended
rel ease product subject to an approved full New
Drug Application (NDA). For approval,
docunent ati on of bi oequi val ence nust be
establ i shed t hrough perfornmance of a series of in
vi vo bi oequi val ence studies that are defined in
Section |1V of the guidance. Approval of an ANDA
will rely on data derived fromeval uati on of a

bi obat ch, which is to be manufactured in
accordance with the Ofice of Generic Drugs
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Procedure and Policy Quide 22-90.

2. In Vitro Dssolution for Quality Control (Pre-
Approval Subm ssion of Data Required)

Quality control of the manufacture of an extended

rel ease formul ation after approval nay be

assessed, in part, through performance of invitro
di ssolution tests. Recomrendations for the

condi tions under which this test may be perforned

are described in Section V. This section al so

descri bes how specifications for this test are

devel oped by the applicant and approved by the

D vision of Bioequival ence. These data are

required in the application for approval.

I N VI VO Bl OEQUI VALENCE STUDI ES FOR APPROVAL

I n vivo bi oequival ence studi es recomrended for approval for
extended rel ease generic fornmulations are designed to
document that:

° The drug product neets the extended rel ease cl ai m nade
for it.
° The drug product does not rel ease the active drug

substance at too rapid a rate (dose dunp).

° Performance i s equival ent between the generic and the
reference listed product follow ng single doses and
dosing to steady state.

° The inpact of food on the in vivo performance is
conparabl e for the generic fornmulation relative to the
i nnovat or formul ation.

The above objectives are generally nmet by the fol |l ow ng
three in vivo studies:

° A singl e dose, random zed, two-period, two-treatnent,
t wo- sequence crossover study under fasting conditions,
conpari ng equal doses of the test and reference

products.
° A single dose, random zed, three-treatnent, three-
period, six sequence, crossover, limted food effects

study, conparing equal doses of the test product
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admni stered under fasting conditions with those of the
test and reference products adm ni stered i mredi ately
after a standard breakfast.

° A multiple dose, steady state, random zed, two-
treatnent, two-period, two-sequence crossover study
under fasting conditions conparing equal doses of the
test and reference fornulations. For safety reasons,
this study nay be perfornmed in the non-fasting state.
Applicants are encouraged to submt a study protocol
descri bing the safety considerations requiring
deviation fromthe fasting state to the D vision of
Bi oequi val ence for review prior to execution of the
st udy.

These studies are described in detail in Sections A; B and C
bel ow. Under certain circunstances, the D vision of

Bi oequi valence in the Ofice of Generic Drugs nmay require
additional single dose and/or multiple dose steady state

st udi es. The follow ng general information relative to the
three in vivo studies is provided:

° FDA desi gnated reference product is identified by the
synbol "+" in The Orange Book.

° The assayed potency of the test product shoul d not
differ fromthat of the reference product by nore than
5%

° The clinical |aboratory conducting any in vivo study

should retain an appropriately identified reserve
sanpl e of the test and reference products for a period
of five years. Each reserve sanple shoul d consi st of
at | east 200 dosage units. For nore information on
retention of bioequival ence sanpl es please refer to 21
CFR 320. 63.

° A singl e dose two-way crossover study under fasting
conditions is required for each strength of a generic
extended rel ease tablet fornmulation with multiple
strengths. The multiple dose steady state study and
the food/fasting single dose three-way crossover study
are to be conducted with the highest strength only.

For extended rel ease capsul e fornul ati on marketed in
mul tiple strengths, a single dose bi oequi val ence study
under fasting conditions is required only on the

hi ghest strength, provided that the conpositions of the
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| oner strengths are proportional to that of the hi ghest
strength, and the capsules contain identical beads or
pellets. Single dose in vivo bioequival ence studies
may be waived for the |ower strengths on the basis of
accept abl e dissolution profiles. Miltiple dose steady
state and single dose food/fasting studies are to be
conducted on the highest strength of the capsul e
formul ati on.

Si ngl e Dose Fasting Two-way Crossover Bioequival ence
St udy

(bj ective: To conpare the rate and extent of
absorption of a generic fornmulation with that of a
listed reference fornmulati on when admni stered i n equal
| abel ed doses.

Design: The study design is a single dose, two-
treatnent, two-period, two-sequence crossover with an
adequat e washout period (usually equal to at |east 10
elimnation half-lives of the drug) between the two
phases of the study. Equal nunber of subjects shoul d
be randomy assigned to the two possi bl e dosing
sequences. The proposed protocol for the study should
be approved by an institutional review board prior to
initiation of the study.

Facilities: The clinical and anal ytical facilities
used for the study should be identified along with the
nanmes, titles, and curriculumvitae of the nedical and
scientific/analytical directors.

Sel ection of Subjects: The applicant should enroll a
nunber of subjects sufficient to ensure adequate
statistical results. It is recommended that a m ni num
of 24 subjects be used in this study. Mre subjects
may be required for a drug that exhibits high intra-
subject variability in netrics of rate and extent of
absorption. Subjects should be healthy volunteers, 18
to 50 years of age, and within 10% of ideal body wei ght
for height and build (Metropolitan Life Insurance
Conpany Statistical Bulletin, 1983). The sel ection of
subjects to enter the study shoul d be based on
accept abl e nedi cal history, physical exam nation, and
clinical laboratory tests. Subjects with any current
or past medical condition which mght significantly
affect their response to the adm ni stered drug shoul d
be excluded fromthe study. Witten, informed consent
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nmust be obtained fromall subjects before their
acceptance into the study.

Procedure: Follow ng an overnight fast of at least 10
hours, subjects should be adm nistered a single dose of
the test or reference product with 240 m water. They
shoul d continue fasting for four hours after
admnistration of the test or reference treatnent.

Restrictions: Study vol unteers shoul d observe the
follow ng restrictions:

a. No al cohol or xanthi ne-contai ning foods or
beverages shoul d be consuned for 48 hours prior to
dosing and until after the last blood sanple is
col | ect ed.

b. Subj ects shoul d take no prescription medications
two weeks prior to and OIC drugs one week before
initiation of the study, and until after the study
is conpl et ed.

C. Drinking water is not allowed from1 hour pre-dose
to 1 hour post-dose except that needed for drug
dosi ng.

d Al meals during the study shoul d be standardi zed.

Bl ood Sanpling: 1In addition to the pre-dose (0 hour)
sanpl e, venous bl ood sanpl es shoul d be coll ected post -
dose so that there are at |east four sanpling tine
points on the ascending part and six or nore on the
descending part of the concentration-tine curve. The
bi ol ogi cal matrix (plasma, serumor whol e bl ood) should
be imrediately frozen after collection and, as
appropriate, centrifugation, and kept frozen until
assayed.

Anal ysis of Bl ood Sanples: The active ingredient
shoul d be assayed using a suitable anal ytical nethod
validated with regard to specificity, accuracy,
precision (both within and between days), limt of
quantitation, linearity, and recovery. Stability of
t he sanpl es under frozen conditions, at room
tenperature, and during freeze-thaw cycles, if
appropriate, should be determned. If the analytical
met hod i s a chromat ographi ¢ nethod, chronatograns of
unknown sanpl es, including all associated standard
curve and quality control chronmatograns, should be



submtted for one fifth of subjects, chosen at random

Phar macoki netic Analysis of Data: Calculation of area
under the plasma concentration-time curve to the | ast
quantifiable concentration (AUC ,,) and to infinity
(AUC,..), Cu,2 and T, should be performed according to
standard t echni ques.

Statistical Analysis of Pharmacokinetic Data: The |og
transformed AUC and C ., data shoul d be anal yzed
statistically using analysis of variance. These two
paraneters for the test product should be shown to be
within 80-125% of the reference product using the 90%
confidence interval. See also D vision of

Bi oequi val ence Quidance Statistical Procedures for

Bi oequi val ence Studies Using a Standard Two- Tr eat nment
Crossover Desi gn.

Cinical Report and Adverse Reactions: Subject nedical
hi stori es, physical examnation reports, and al

i ncidents of adverse reactions to the study

formul ati ons shoul d be reported.

Mul tiple Dose Steady State, Two-Way Crossover
Bi oequi val ence Study under Fasting Conditions.

oj ective: To docunent that the steady state rate and
extent of absorption of the test extended rel ease
product is simlar to the rate and extent of absorption
of the reference listed drug containing the sane anount
of the active ingredient in the sane dosage
formul ati on.

Design: The study design is a multiple dose, two-
treatnent, two-period, two-sequence crossover with
adequat e washout period between the two phases of the
study. Equal nunber of subjects should be randomy
assigned to the two possi bl e dosi ng sequences. Before
initiation of the study, the study protocol should be
approved by an institutional review board.

Facilities: See under IV A
Sel ection of Subjects: See under VA

Procedures: Extended rel ease products which are
adm ni stered once a day shoul d be dosed foll owi ng an
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overnight fast of at |east 10 hours; subjects should
continue fasting for 4 hours post-dose. For extended
rel ease products which are dosed every 12 hours
(b.i.d.), the norning dose should be given follow ng an
overni ght fast of about 10 hours, and subjects should
continue fasting for 4 hours post-dose; the evening
dose should be adm nistered after a fast of at |east 2
hours and subj ects should continue fasting for 2 hours
post-dose. Each dose shoul d be adm nistered with 240
m water.

Restrictions: Study vol unteers shoul d observe the
follow ng restrictions:

a. No al cohol or xanthi ne-contai ning foods or
beverages shoul d be consunmed by subjects for 48
hours prior to dosing and until after the |ast
bl ood sanple is collected.

b. Subj ects shoul d take no prescription medications
begi nning two weeks prior to and OIC drugs one
week before the initiation of the study until
after the study is conpleted.

C Drinking water is not allowed from1 hour pre-dose
to 1 hour post-dose except that needed for dosing.

Bl ood Sanpling: At least three trough concentrations
(Cy,) on three consecutive days should be determned to
ascertain that the subjects are at steady state prior
to neasurenent of rate and extent of absorption after a
singl e dose admnistration in a dosing interval at
steady state. The three consecutive trough sanpl es
shoul d be collected at the sane tine of the day and
shoul d be conparable. For extended rel ease drug
products adm ni stered nore often than every 24 hours,
assessnent of trough levels just prior to two
consecutive doses is not recomrended because a
difference in the consecutive trough val ues nmay occur
due to circadian rhythmirrespective of whether or not
steady state has been attained. Adequate bl ood sanpl es
shoul d be collected at appropriate times during a
dosing interval at steady state to permt estination of
the total area under the concentration-tine curve, peak
concentration (C ), and time to peak concentration

(Thax) -

Anal ytical Method: See under IV A



Phar macoki netic Data: The follow ng pharnacoki netic
data are to be reported for the eval uati on of

bi oequi val ence of the generic extended rel ease product
with the reference |listed product:

a. I ndi vi dual and mean bl ood drug concentration
l evel s
b. | ndi vi dual and nmean trough levels (C ,)
C. | ndi vi dual and nmean peak levels (C )
d. Cal cul ation of individual and nmean steady state

AUC ierdose  are recommended (AUC | ierdgose |S AUC during
a dosing interval at steady state)

e. | ndi vi dual and nean percent fluctuation [= 100 *
(Cnax - Cmn)/Cmn]

f. I ndi vi dual and nmean tine to peak concentration
(Trax) -

Statistical Analysis of Pharmacokinetic Data: The |og
transformed AUC and C ., data shoul d be anal yzed
statistically using analysis of variance. These two
paraneters for the test product should be shown to be
within 80-125% of the reference product using the 90%
confidence interval. Fluctuation for the test product
shoul d be evaluated for conparability with that for the
reference product. For further information on
statistical analysis, see the D vision of

Bi oequi val ence Quidance Statistical Procedures for

Bi oequi val ence Studies Using a Standard Two- Tr eat nment
Crossover Desi gn.

Clinical Report and Adverse Reactions: See under VA
Si ngl e Dose, Three-Way Crossover Food/ Fasting Study.

(bj ective: To docunent that the rate and extent of
absorption of the generic extended rel ease product is

equi valent to the rate and extent of absorption of the
listed reference drug when both products are

adm ni stered imredi ately after a high fat content neal 2

2

Each subj ect shoul d consune a standardi zed, high fat content neal

consi sting of :



and to assess the effect of high fat content neal on
the bioavailability of the generic extended rel ease
pr oduct .

Design: The study design is a single dose, three-
treatment, three-period crossover wth adequate washout
peri od between the three phases of the study. Equal
nunber of subjects should be randomy assigned to each
of the six dosing sequences.

Sel ection of Subjects: A mninmumof 18 subjects shoul d
be enrolled in this study. For other infornation on
sel ection of subjects see under VA

Procedure: Each subject should receive the follow ng
three treatnents:

Treat ment 1: CGeneri c extended rel ease product
adm ni stered after a high fat content
br eakf ast .

Treat ment 2: Pi oneer extended rel ease product

(reference listed drug) adm ni stered
after a high fat content breakfast.

Treat ment 3: CGeneri c extended rel ease product
adm ni stered after fasting.

Fol | owi ng an overnight fast of at |east 10 hours

subj ects receiving the treatnment under food chal | enge
condi tions shoul d be served a high fat content
breakfast, then imredi ately dosed with Treatnent 1 or 2
above with 240 ml water. Subjects receiving Treat nent
3 shoul d be dosed at the sane tinme as Treatnents 1 and
2wth 240 M water only. No food should be all owed
for at |east 4 hours post-dose, with water allowed
after the first hour. Subjects should be served

st andar di zed neal s begi nning at four hours during the
st udy.

Restricti ons: See under IV A

one buttered English muffin

one fried egg

one slice of American cheese

one slice of Canadi an bacon

one serving of hash brown pot at oes
eight fluid oz. (240 nL) of whole mlk
six fluid oz. (180 nL) of orange juice
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Bl ood Sanpling: See under IV/A
Anal ysis of Blood Sanples: See under IV/A

Statistical Analysis: In general a conparabl e food
effect will be assuned if the nean values of AUC .,
AUC, ., and C,, for the generic product adm ni stered
with food differ by no nore than 20%fromthe
respective nmean values for the reference |isted product
admnistered with food in the study.

V. I N VI TRO DI SSOLUTI ON FOR QUALI TY CONTROL PRE- APPROVAL

A

D ssol ution Testing

D ssolution testing should be conducted on 12

i ndi vidual dosage units of the test and reference
products used in the bioequival ence studies. The
potential for pH dependence of drug rel ease froman
extended rel ease product is well recognized.

D ssolution profiles should therefore be generated in
aqueous nedia of the followng pHranges: 1 - 1.5 4 -
4.5, 6 - 6.5 and 7 - 7.5. Early sanpling tinmes of 1,
2, and 4 hours should be included in the sanpling
schedul e to provide assurance agai nst premature rel ease
of the drug (dose dunping) fromthe fornmulation. The
general dissolution conditions to be followed are shown
bel ow

1. Appar at us USP XXI'| Apparatus 1
(rotating basket) for
capsul es

USP XXI'| Apparatus 2
(paddl e) for tablets

2. Rot at i on Speed 100 rpm (basket)
50 and 75 rpm (paddl e)
3. Tenperature 37 + 0.5°C
4. Units To Be Tested 12
5. D ssol uti on Medi um 900 m of aqueous nedi a

of various pH

6. Sanpl i ng Schedul e 1, 2, 4 hours, and every
two hours thereafter,
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until 80%of the drug is

r el eased.
7. Tol er ances As est abl i shed.
8. Content Uniformty Content uniformty

testing of the test
product | ot shoul d be
performed as described in
the USP XXl I|.

Speci fications

Specifications for the dissolution procedure to assure
quality control will be determned on a case by case
basis (usp case 3). In general further validation wll
be required to expand dissol ution specifications beyond
t hose established for the biobatch.
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ATTACHVENT 1
d ossary

Del ayed rel ease dosage form

A del ayed rel ease dosage formis one that rel eases a
drug(or drugs) at a tine other than pronptly after
admni stration.

Ext ended rel ease dosage form

An extended rel ease dosage formis one that allows at
| east a twofold reduction in dosing frequency as
conpared to that drug presented as a conventi onal
dosage form(e.g. as a solution or pronpt drug-

rel easi ng, conventional solid dosage fornj.

Modi fied rel ease dosage form

A nodified rel ease dosage formis one for which the
drug rel ease characteristics of tine course and/or

| ocati on are chosen to acconplish therapeutic or
conveni ence objectives not offered by conventional
dosage fornms such as solutions, ointnents, or pronptly
di ssol vi ng dosage forns. Del ayed rel ease and ext ended
rel ease dosage forns are two types of nodified rel ease
dosage forns.
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